Abstract. We present the results of a continuum snapshot survey of a 3
Introduction
The radio-continuum emission of the LMC has been investigated numerous times at several frequencies. The first catalogue of radio sources in the LMC (MC catalogue) was obtained by McGee et al. (1972a,b) . They observed the LMC with the Parkes radio telescope at 5 GHz and Send offprint requests to: M. Marx Tables 3 and 4 are also available electronically at the CDS via ftp cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/Abstract.html The Australia Telescope is funded by the Commonwealth of Australia for operation as a National Facility managed by CSIRO. 2.7 GHz. As a part of the whole sky survey at 0.408 GHz the LMC has been observed by Clark et al. (1976) using the Molonglo radio telescope. They detected 227 sources presented in the MC4 catalogue. Recent surveys of the LMC include the observations with Parkes at several frequencies (1.4 GHz, 2.45 GHz, 4.75 GHz and 8.55 GHz) (Filipovic et al. 1995) revealing 469 discrete sources, the PMN southern sky survey at 4.85 GHz (Wright et al. 1994) and the MOST survey at 0.843 GHz (Mills et al. 1984a,b; Ye et al., in preparation) .
The Australia Telescope Compact Array (ATCA) offers the possibility of surveying compact sources in and behind the LMC with much higher spatial resolution than has been possible previously. Here we present the results of a short (12 min per field) ATCA continuum survey ("snapshot" survey) at 1.4 GHz and 2.4 GHz in the region of the giant molecular cloud and 30 Doradus.
This catalogue of compact (subarcminute) sources is useful for several purposes. Compact sources are needed to search for neutral-hydrogen 21 cm-line absorption. To study the cool (T < ∼ 100 K) atomic gas in the LMC an interferometer is necessary, because it acts as a spatial filter, removing the extended emission which confuses the absorption measurement. Baselines longer than about 800 m (3000 wavelengths) are needed (Dickey et al. 1994; Marx et al. in preparation) , so the background sources must be smaller than about 50 . The deepest survey of the LMC with sufficiently high angular resolution, the MOST survey (0.75 ), is not sensitive enough to include all sources which are useful for an HI-absorption study of the LMC. A list of point sources complete to about 6 mJy peak flux density at 1.4 GHz and to about 3 mJy at 2.4 GHz is given by the present ATCA snapshot survey.
The compact radio sources in directions towards the LMC are also interesting in themselves. Most compact radio sources are background objects like quasars or Seyfert galaxies. But there are also compact objects located within the LMC. These intrinsic sources are of peculiar interest, as they might be compact HII regions (Habing & Israel 1979) , young supernova remnants or planetary nebulae. A list of compact radio sources is the first step toward identifying such objects.
Observations and reduction

Observations
The observations were carried out with the ATCA in July 1992 using the 6D configuration including baselines between 77 m and 5878 m. The observed region extends from 5 h 18 min to 5 h 50 min in R.A. and −71
• to −67 • in Dec. (positions are in J2000). This area of 12 square degrees has been divided into 6 × 8 fields. The centre position of each of the 48 fields is given in Table 1 . Three observations were taken per field with a time seperation of about 4 hours. The total integration time was 12 minutes for each field. Observations at two frequencies, 1.38 GHz and 2.378 GHz, have been carried out simultaneously. The angular resolution at 1.4 GHz is 7 and at 2.4 GHz it is 4 . The primary beam has a HPW of 32 at 1.4 GHz and 22 at 2.4 GHz. The bandwidth of 128 MHz at each frequency has been separated into 32 spectral channels. The primary flux and bandpass calibrator was 1934 − 638 (16.2 Jy at 1.4 GHz and 13 Jy at 2.4 GHz), the secondary (phase and gain) calibrators were 0407−658 and 0252−712. For data reduction the Astronomical Image Processing System (AIPS) in the special ATCA version was used.
The maps
The images were made using the AIPS routine MX, which combines the Fourier Transform imaging with the deconvolution of the synthesized beam. The deconvolution process uses the clean algorithm of Clark (1980) with 500 iterations. We chose the inner 18 channels of the frequency band to compute the images using the technique of multifrequency synthesis.
The sparse uv-coverage of snapshot observations makes imaging difficult due to poor dynamic range in the maps. Extended emission is poorly sampled and cannot be adequately cleaned. We have tested several ways of selecting the data for mapping. Best results were obtained by restricting the data to baselines longer than 3 kλ to exclude the poorly sampled extended emission. In the region around 30 Doradus only baselines above 6 kλ are useful. We taper the uv data with a Gaussian weighting function with half width to 30% level of 15 kλ at 1.4 GHz and 30 kλ at 2.4 GHz. This gives synthesized beamwidths of about 10 at 1.4 GHz and 6 at 2.4 GHz (see Table 2 ). The shape of the synthesized beam depends on the declination. The beam has a circular shape only for fields with declination between −69.25
• and −68.25
• . For higher and lower declination, the shape of the synthesized beam is more and more elongated, in the extreme case (fields at −67.25
• ) it is about 24 × 8 at 1.4 GHz. The maps are 49 × 49 at 1.4 GHz and overlap slightly. At 2.4 GHz the map size is 31 × 31 . The maps have an rms noise level between 0.4 mJy and 1 mJy at 1.4 GHz and between 0.2 mJy and 0.6 mJy at 2.4 GHz. The theoretical rms values are 0.17 mJy at 1.4 GHz and 0.23 mJy at 2.4 GHz based on receiver noise alone. The excess is due to sidelobes from confusing sources aggravated by our limited dynamic range. To correct the images for primary beam attenuation the program PBCOR was used with the standard AT primary beam shape. We tested this by comparing the peak flux densities of sources detected separately in different overlapping fields. We find that the ratio of the flux densities of the same source in two fields is independent of the difference of its distances from the pointing centres. Only for some very weak sources with a large distance d 
Source finding
Very brief observations in the snapshot mode are ideal to study sources which are bright and compact, but the high sidelobe levels of beams synthesized from snapshots exacerbate the problems created by confusing sources. Some sidelobes cannot be completely eliminated in our cleaning process. The fields near 30 Dor are particularly compromised. Due to such sidelobe structure, the minimum detectable source flux is raised. We determined three criteria to decide which objects are real:
-The source must have signal exceeding 5 times the rms noise of the field, and -the source must be stronger than any remaining sidelobe structure in the field, and -the source has to be stronger than the absolute flux density value of the largest negative peak in the field. We used the highest of these values to determine the completeness level, C, above which the sources in the field are accepted as real. These completeness levels are listed in Table 1 uncorrected for primary beam attenuation. Most fields are complete to about 6 mJy peak flux density at 1.4 GHz and to about 3 mJy at 2.4 GHz. In field 2D6 confusion by the bright extended emission of SNR 0525 − 696 makes source finding for this area impossible.
The source list
The positions, peak flux densities, S p , and integrated flux densities, S i , of the sources were determined using the AIPS routine IMFIT. The integrated flux density of a source is given by
where Θ Smax and Θ Smin are the major and minor axis of the source response as fitted by a Gaussian to the map and Θ Bmax and Θ Bmin are the gaussian major and minor axis of the synthesized beam. The peak flux densities are much better determined than the integrated flux densities, because of the missing short spacings on the uv plane. Table 3 lists all sources found in the survey at 1.4 GHz that fulfill the criteria described in Sect. 2.3. A sample of 113 sources is found. The source name is given in the first column. It is derived from the standard IAU system of source nomenclature (Lortet et al. 1994) , namely MDM NNN (e.g. MDM 114). The letters "NNN" indicate the sequence number within the catalogue. The position of the source is listed in the next two columns. If a source has been detected in two different fields, we use the one with the closer field centre. The integral and peak flux densities are given in Cols. 4 and 5. Both of these values have been corrected for the primary beam attenuation. Columns 6 and 7 show the spacings used and the value of the tapering when imaging the data with MX. Column 8 gives the field in which the source is detected.
The maps at 2.4 GHz show a better quality than the data at 1.4 GHz. This is due to the smaller amplitude of the extended emission at the shorter wavelength. 70 point sources have been detected at 2.4 GHz; these are listed in Table 4 . Source MDM 6 has not been detected at 1.4 GHz due to the less sensitivity at this frequency. The source positions at 1.4 GHz and 2.4 GHz agree very well. The position difference is mainly below 2 and independent of the flux density of the source. For 69 sources the spectral index α, with S p (ν) ∼ ν α , between 1.4 and 2.4 GHz has been estimated using the peak flux density S p . The values are listed in Col. 9. The mean spectral index for all 69 sources is < α >= −0.72 ± 0.09.
Missing flux density
After filtering out the extended structures, only compact objects and the cores of extended sources appear in the final images. Excluding baselines below 3 kλ the survey is only sensitive to structures smaller than about 54 at 1.4 GHz and 34 at 2.4 GHz. Assuming a distance of 50 kpc for the LMC (Westerlund 1992) , these values correspond to sizes smaller than 13 pc (1.4 GHz) and 8 pc (2.4 GHz). To illustrate this effect for several of our snapshot fields we added artificial 100 mJy sources of different sizes to the uv-data using the task UVSUB and then processed the data with MX in the same way that we had processed the field before. After mapping and cleaning the field with MX, flux is lost for the artificial source depending on its size. Figure 2 shows the distribution of the integral flux densities for artificial sources of different angular sizes. For a diameter of about 3 , we lose 10% of the flux. This loss of flux depends on the uv-coverage of the field. For fields where only baselines above 6 kλ have been used because of very extended emission, much more flux is lost. If a 100 mJy source with an angular size of 3 is added into field 5D6, the missing flux is on the order of 19%. For angular sizes above 10 , the flux drops off quite sharply. This implies that the flux densities of the snapshot sources are lower limits in the case of resolved sources. 
Comparison with radio observations
We compared our data with several single dish surveys of the LMC, the Molonglo observations at 408 MHz (Clarke et al. 1976 ) and the Parkes observations at 5 GHz (McGee et al. 1972a ) and 4.75 GHz (Filipovic et al. 1995) . We identify sources of the ATCA catalogue with objects listed in the Molonglo Radio Source Catalogue 4, if the difference in position is smaller than the HPBW of the Molonglo telescope (2. 6). Nearly all sources above 50 mJy can be identified with an MC4 object (see Table 3 Col. 9). To compare the peak flux densities of both surveys, we estimated the corresponding flux density of the MC4 source at 1.4 GHz by using our spectral indices between 1.4 and 2.4 GHz (Table 4 Col. 9). There are 21 usable objects for this comparison. Most of the estimated flux densities show a much higher value compared with the measured fluxes of the ATCA sources. This discrepancy may be accounted for solely by flux loss in the Compact Array observations of extended sources as compared with the filled aperture telescope. Furthermore many compact extragalactic objects are known to be variable. However, there may also be a component of this discrepancy arising from bias in the quoted spectral indices because of the different amount of the flux loss at 1.4 and 2.4 GHz. Only a few sources show similar flux densities in both surveys. These objects (MDM 1, MDM 64, MDM 84, MDM 90, MDM 100) seem to be point sources. Due to the high resolution of the ATCA, the strong source MC4(0524 − 708) was separated into two components.
There are only 10 sources which can be identified with objects found by McGee et al. (1972a) at 6 cm (Table 3 Col. 9), if we demand that the position difference from the ATCA object to the one of the MC-catalogue is smaller than the HPBW of the Parkes telescope, which is about 4 at 6 cm. The flux densities of all sources observed with the single dish telescope are much higher than those of the compact ATCA sources.
We identified a compact source in the snapshot field of 3
• ×4
• with an object observed with Parkes at 4.75 GHz (Filipovic et al. 1995) , if the difference in position is smaller than the HPBW of 4. 8 (Table 3 Col. 9 abbreviation LMC). For all 53 identified sources the flux density of the Parkes object is higher than the value of the ATCA source at 1.4 GHz. There is also a large position difference for most objects.
The poor correspondance between compact sources detected with the ATCA and the Parkes sources is common also in galactic plane surveys (Garwood et al. 1988) , and arises from the fact that most of the continuum flux from a galaxy disk comes from structures much larger than a few parsecs, which is our effective resolution at the distance of the LMC.
From the comparison of our snapshot sources with radio objects from single dish observations, we conclude that most of our discrete objects are compact cores of extended sources or background objects.
Identification with Hα emitting objects
Comparison of the radio point source positions with Hα emitting objects helps us to find sources intrinsic to the LMC. Figure 3 shows the distribution of the compact radio sources on the Hα map of Kennicutt et al. (1995) .
A compact radio source is regarded as being identified with an Hα object of the Davies-Elliot-Meaburn catalogue (DEM), if the radio source lies within the extent of the DEM object. We find 32 radio point sources associated with an Hα emitting object. These might be compact HII regions or young SNRs. Such objects can show high brightness knots embedded in the extended DEM object. Hα observations at Fig. 3 . Distribution of the compact radio sources on the Hα image of the LMC. The size of the crosses is proportional to the peak flux density of the source high angular resolution performed with the aim at finding out which of the radio sources correspond to an optical emission knot, and which are background sources behind the DEM object, will be presented in a subsequent paper (Marx et al., in preparation).
Source counts
The ATCA source list of compact objects can be used to find the sky density of sources at 1.4 GHz in the direction of the LMC. Comparing the source counts with extragalactic source count results allows us to check for incompleteness of the snapshot survey and can be useful in determining the fraction of sources intrinsic to the LMC, which should appear as an excess of counts compared with the extragalactic ones. For this comparison the integrated flux density has to be used, since the peak flux depends on the telescope beam size. The differential source counts (number of sources with a given flux density) of the LMC snapshot survey have been calculated following the method described by Condon & Condon (1982) for their 1.411 GHz VLA snapshot survey. The ATCA snapshot survey is complete above the uncorrected peak flux density limits given in Table 1 . Corresponding limits to the primary beam corrected peak flux densities vary with location in each map, so that the solid angle Ω in which a source of given peak flux S p can be detected increases with S p . Each source counted must therefore be weighted by Ω −1 to give its proper contribution to the areal density of sources. For the calculation of Ω(S p ) the overlapping of the fields has been taken into account. The total counting area is 3.6 10 −3 sr. The function Ω(S p ) is plotted in Fig. 4 . Since we want to find the sky number density of sources as a function of their integrated flux densities, we must allow for sources which are missing from the survey because they are extended. Such sources have peak flux densities, S p , below the completeness limit and integrated flux densities, S i , above this limit. We distinguish the continuum sources which are significantly resolved from those which are not by using the method of Willis et al. (1976) . An observed source is defined as extended if
R is the Gaussian fitted area divided by that of the antenna pattern (R = ΘSmax·ΘSmin ΘBmax·ΘBmin ) and σ is the rms noise in the area of the source after primary beam correction. Assuming that the angular-size distribution of sources as faint as 4 mJy is not significantly different from the angular-size distribution of sources in the range 35 mJy ≤ S i < 140 mJy (Downes et al. 1981) , then the fraction of extended sources (0.27) in this flux density interval can be used to estimate the fraction of faint extended sources missing from the ATCA survey.
The source counts including all observed sources are listed in Table 5 . The flux density interval (Col. 2) around S c (Col. 1) is defined as 2 −1/2 S c ≤ S i < 2 1/2 S c . The number of resolved sources N res and the number of unresolved sources N unres found in each flux-density interval is shown in Cols. 3 and 4. The fraction of unresolved sources f unres is listed in Col. 5. The mean fraction of unresolved sources in the flux density range 35 mJy ≤ S i < 140 mJy is 0.27, so the correction factor K (Col. 6) is the fraction of unresolved sources in each flux density interval divided by 0.27. Column 7 shows the weighted, uncorrected number of sources per steradian
with the 1 σ rms error (Garwood et al. 1988 )
The summation is taken over all sources in the flux density interval. The last column gives the corrected number of sources per flux density interval (S range ) per steradian normalized to n 0 = S −2.5 c , meaning:
c .
The source counts in the LMC snapshot fields are plotted in Fig. 5 . The line in the figure represents the extragalactic source count distribution of the Westerbork survey at 1.4 GHz (Oosterbaan 1978) . The differential source counts of this survey are well approximated by
The comparison of the ATCA snapshot survey to the Westerbork survey is difficult because the latter is sensitive to more extended structures compared to the ATCA survey. For extended sources we expect that the integrated flux densities of the snapshot sources are underestimated, which causes a higher uncertainty in the source count distribution; for more accurate integrated flux densities we would need more observations with shorter baselines. The LMC source count distribution, however, follows the extragalactic distribution of Oosterbaan very closely. This indicates that most of the compact sources of the LMC survey are background objects. At the highest flux density interval 280 mJy ≤ S i < 560 mJy there are two sources missing compared to the Westerbork survey. This might be due to the underestimated integral flux densities. An excess of sources above the extragalactic source counts is indicated in the flux density range from 8.8 to 35 mJy. The discrepency between the number of sources predicted and observed in the 8.8 to 35 mJy bin is only weakly significant, given the uncertainties in flux density in this survey. It suggests, that some of the fainter sources are associated with the LMC, a conclusion strongly supported by the positional coincidence with Halpha knots discussed above. We get the best match to the extragalactic fit of Oosterbaan (see Fig. 5 lower panel and Table 5 ) by excluding all 15 possible intrinsic sources in the second and The line presents the source count distribution of Oosterbaan (1978) . The lower panel shows the source counts after excluding all possible intrinsic sources and the known HII regions third flux density interval for which the position corresponds to a DEM object plus three known HII regions located in the N159 − N160 area (Marx et al., in preparation). So we conclude that only a few compact sources in directions toward the LMC are intrinsic objects, and that most of these have flux densities between 8.8 and 35 mJy and are located within extended Hα emitting regions.
Summary
A sample of 113 compact radio continuum sources has been detected in and behind the LMC at 1.4 GHz with the Australia Telescope Compact Array (ATCA); 70 objects have been found at 2.4 GHz. The sample is almost complete down to a flux density limit of about 6 mJy at 1.4 GHz for sources smaller than D ∼ 54 and about 3 mJy at 2.4 GHz for D ∼ 34 (see Table 1 ). As the sizes of the sources are smaller than 13 pc at 1.4 GHz and 8 pc at 2.4 GHz the objects are either extragalactic background sources or compact objects within the LMC, such as compact HII regions or young SNRs. The vast majority of our sources have been seen for the first time. This is due to the higher angular resolution of the ATCA compared to the instruments used for previous surveys.
Excluding the 15 sources which are located in the regions of Hα objects in the Davies et al. (1976) catalogue and which have flux densities in the 8.8 − 35 mJy range plus three known HII regions, we find that our source counts agree very well with those of Oosterbaan (1978) . So we conclude that our catalogue of compact sources contains beyond the 3 known HII regions located in the 
